MMP-9 affects gene expression in chronic lymphocytic leukemia revealing CD99 as an MMP-9 target and a novel partner in malignant cell migration/arrest.
We previously showed that MMP-9 contributes to CLL pathology by regulating cell survival and migration and that, when present at high levels, MMP-9 induces cell arrest. To further explore the latter function, we studied whether MMP-9 influences the gene-expression profile in CLL. Microarray analyses rendered 131 differentially expressed genes in MEC-1 cells stably transfected with MMP-9 (MMP-9-cells) versus cells transfected with empty vector (Mock-cells). Ten out of twelve selected genes were also differentially expressed in MEC-1 cells expressing the catalytically inactive MMP-9MutE mutant (MMP-9MutE-cells). Incubation of primary CLL cells with MMP-9 or MMP-9MutE also regulated gene and protein expression, including CD99, CD226, CD52, and CD274. Because CD99 is involved in leukocyte transendothelial migration, we selected CD99 for functional and mechanistic studies. The link between MMP-9 and CD99 was reinforced with MMP-9 gene silencing studies, which resulted in CD99 upregulation. CD99 gene silencing significantly reduced CLL cell adhesion, chemotaxis and transendothelial migration, while CD99 overexpression increased cell migration. Mechanistic analyses indicated that MMP-9 downregulated CD99 via binding to α4β1 integrin and subsequent inactivation of the Sp1 transcription factor. This MMP-9-induced mechanism is active in CLL lymphoid tissues, since CD99 expression and Sp1 phosphorylation was lower in bone marrow-derived CLL cells than in their peripheral blood counterparts. Our study establishes a new gene regulatory function for MMP-9 in CLL. It also identifies CD99 as an MMP-9 target and a novel contributor to CLL cell adhesion, migration and arrest. CD99 thus constitutes a new therapeutic target in CLL, complementary to MMP-9.